We present an analysis of high quality spectra of members of the young cluster M35. By using a multi-fiber spectrograph, we are able to collect high signal-to-noise, high resolution spectra of a sample of photometric candidate members. Accurate radial velocities are used to establish the membership status and rotational velocities are measured using cross-correlation. We also derive the metal content of the cluster, [Fe/H] M35 =-0.21±0.10, based on spectral synthesis. Finally, we derive the lithium abundances of the bona fide cluster members and compare the results with members of other clusters. For example, M35 shows a smaller range in both rotation rates and lithium abundances as compared to the Pleiades. We discuss possible roles of various parameters. Our high quality M35 database of lithium abundances and rotational velocities are perfectly suited to be used as a laboratory to test theoretical models dealing with the lithium depletion phenomenon. We discuss the role of stellar inhomogeneities and rotation on the lithium depletion phenomenon.
Introduction
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ing objects. Among other parameters, these properties usually depend on the age and the stellar mass. These stars have activity which is analog to the one present on the Sun, arising from the stellar corona, the chromosphere and the photosphere. This activity is produced as a consequence of the interaction between differential rotation and magnetic fields, the so-called stellar dynamo (Parker 1955) . Rotation itself is a very important characteristic, with a dependence on mass and age not fully understood. The understanding of these properties require to locate them in an evolution-1 ary scenario. This is done by studying members of open clusters of different ages and metallicities, so we can determine which is the particular role of age, stellar mass and chemical composition.
Lithium is a chemical element which can be used as a probe to the internal structure, since convection transports the material downward to layers hot enough to destroy lithium by interactions with protons. Due to this, its surface abundance depends strongly on age for a given mass during the pre-Main Sequence (pre-MS) phase. And, because of increasing depth of the convective envelope when moving to less massive stars, the lithium abundance also depends on mass. (or stars of spectral type later than F8, at a given age, more massive stars have higher Li.) After the pre-MS phase, additional mixing mechanisms are needed, in order to explain the lithium abundance of FGK spectral type members of clusters of different ages. For recent reviews, see Deliyannis (2000) and Jeffries (2000) . In particular, Deliyannis (2000) stresses the stellar mass as the first parameter controlling Li depletion, and age the second parameter. Additional parameters might be composition, and initial angular momentum. There have been reported a significant amount of studies on the evolution of lithium with age and the dependence on mass. Updated reviews on the lithium phenomenon, from the theoretical and observational point of views, can be found in Vauclair (2000) and Martín (2000) , respectively. Very well known open clusters such as the Hyades, Praesepe, Coma, M67 and Alpha Per have been exhaustively investigated, as well as other not so famous, and the behavior of lithium in their members analyzed. The Pleiades has played a prima donna role in these investigations. Duncan & Jones (1983) showed that G Pleiades stars have significant lithium abundances differences. Butler et al. (1987) reported a scatter for rapid rotators of K spectral type, confirmed by García López et al. (1991a,b) , and Soderblom et al. (1993a) . García López, added more data to the sample and established that the relation between fast rotators and high lithium abundances broke down for stars at Teff<4500 K. Jones et al. (1996) examined the late K and Russell (1996) , Stuik et al. (1997) , Jeffries (1999) , King, Krishnapurthi & Pinsonneault (2000) and Barrado y Navascués et al. (2000) have recently dealt with the origin of the lithium spread in K Pleiades stars, without solving completely the puzzle.
The M35 cluster (NGC2168) is, allegedly, coeval to the Pleiades, since their turn-off is located in the same position in the color-magnitude diagram (Vidal 1973) . Due to several properties, it has a promising future as a target for this type of studies. Although it is moderately far away -(m-M) 0 =9.7 magnitudes, compared with (m-M) 0 =5.36 in the case of the Pleiades, Robichon et al. (1999) -, it has a clear advantage over other associations: its richness. It is one of the richest nearby young clusters, with a total mass estimated between 1600 and 3200 M ⊙ (Leonard & Merritt 1989) . Membership of those (few) stars hotter than about 5700 K can be checked against the excellent proper motion membership study of McNamara and Sekigushi (1985) . In addition, several optical surveys have been recently conducted, producing long lists of candidate members (Sung & Bessell 1999; von Hippel 2000; Sarrazine et al. 2000) . The recent study by Sung & Bessell (1999) yields (m-M) 0 =9.60±0.10, E(B-V)=0.255±0.024 and an age of 200 +200 −100 Myr, somewhat older than the turn-off age of the Pleiades, 80 Myr. Similar results have been derived by Sarrazine et al. (2000) , including (m-M)=10.16±0.01, E(B-V)=0.198±0.008, and an age of 160±40 Myr.
For some time now, we have been studying exhaustively this cluster, tackling problems such as the mass function of the cluster , 2000a , rotational periods, and multicolor photometric surveys (Barrado y Navascués et al. 2000a) . Moreover, since the cluster covers less than 1 sq.deg., it is a perfect candidate for multi-object spectroscopy. We have taken advantage of the WIYN/HYDRA multifiber spectrograph and observed a sample of M35 candidate members, with the goal of identifying bona fide members, determining the pattern of lithium depletion and rotation for them, and establishing the connection between these two last properties (rotation and lithium). We present the data in Section 2, whereas the analysis and comparison with open clusters, including the Pleiades, are discussed in Section 3. A summary and the main conclusion can be found in Section 4. 2 2. The data
M35 observations and data reduction
We selected our initial sample of M35 photometric candidate from Barrado y Navascués et al. (2000a) . In that paper, we produced a list of cluster candidates based on their location in a V,I c and I c ,R c color-magnitude diagrams. Our targets have colors and magnitudes in the ranges V=14.5-17.5 and (V-I) c =0.85-1.55. Figure 1 displays the location in a color-magnitude diagram of our target stars. In total, we observed 76 candidate members of the cluster. Table 1 lists the names and positions of these stars, as well as the photometry (our data from Barrado y Navascués et al 2000a and a compilation of data from Sung & Bessell 1999) . The last column in Table 1 indicates the membership status of these candidates (see Section 3.1).
Our candidate members were observed spectroscopically using WIYN/HYDRA, a multifiber spectrograph, capable of observing 97 targets simultaneously. We took 6 individual exposures of ∼2 hours each, over 2 different nights.
The reduction was carried out with the IRAF 4 environment, using standard procedures (bias subtraction, flat-fielding, extraction of the individual spectra and wavelength calibration). IRAF contains a specific package which performs optimally all these functions in a standardized way, denominated "dohydra". The final free spectral range is 6440-6850Å, with a resolution of R∼20 000, as measured in the comparison lamp spectra (2 pixels). Since we collected spectra in two consecutive nights, and within each night the observations were split in individual exposures two hours long each, we processed each individual set of spectra in a complete independent way. Once the exposure was reduced and the individual spectra were extracted for each star, we combined all the spectra corresponding to the same star using a median filter, in order to remove remaining cosmic rays.
The signal-to-noise ratios range from 40 per pixel for our faintest objects, to 160 in the case of the brightest. This is a remarkable feat for stars which are at (m-M)=10.4 magnitudes. Some examples of spectra of our sample of M35 candidates are shown in Figure 2 . The effective temperature decreases upward. Note the obvious change of the Hα equivalent width and profile, and the presence of the lithium doublet at Li I 6708Å.
Data from other clusters.
In the next sections we will analyze the data we have derived for M35 candidate members. We will also compare our data with data collected from a number of open clusters, namely the Pleiades, NGC2516, M34 -NGC1039-, NGC6475, Ursa Majoris moving group -UMaG-and the Hyades. The turn-off ages of these clusters lie in the ranges 70-100, 120-150, 200, 220, 300 and 600-800 Myr, respectively. At the present time, our group has estimated the ages of the open clusters IC2391 (Barrado y Navascués, Stauffer & Patten 1999) , Alpha Per , and the Pleiades (Stauffer, Schultz, & Kirkpatrick 1998) , based on the lithium depletion boundary technique (LDB) in very low mass members of each cluster. These LDB ages are ∼50 % older than the turn-off ages. However, they agree with turn-off ages computed with a moderate amount of core overshooting (Ventura et al. 1998) . In fact, have been able to define a new age scale for young open clusters based on the lithium dating technique, in opposition to the Upper Main Sequence age scale, such as that from Mermilliod (1981) . Note that in the new LDB age scale, the Pleiades is 125±5 Myr. Although there are now very deep photometry of M35, reaching the lithium depletion boundary of the cluster , 2000a , the distance modulus of the cluster is so large that it poses an extraordinary challenge to detect lithium at the bottom of its Main Sequence even with the largest telescopes and a significant amount of observing time. Regardless of the age scale we use, the conclusions of this study remain the same, providing we use ages in the same scale for each cluster. Therefore, we will work with the turn-off age scale, keeping in mind that the real ages may be a 50 % older.
The data for these clusters we are going to compare come from several sources. In the case of the Pleiades, photometry, rotation, activity, and lithium equivalent widths come from Soderblom et al. (1993a) , García López, , Jones et al. (1996) and Jeffries (1999) . Additional photometric data were selected from Johnson & Mitchell (1958) , Stauffer (1982 Stauffer ( , 1984 , and Stauffer & Hartmann (1987) . NGC2516 data come from Jeffries, James, & Thurston (1998) . Jones et al. (1997) is the source of M34 data, whereas James & Jeffries (1997) provides the information for NGC6475. Data for UMaG were collected by Boesgaard et al. (1988) and Soderblom et al. (1993c) . Finally, Hyades data were selected from a number of sources, including Duncan & Jones (1983) , Boesgaard & Tripicco (1986) , Rebolo & Beckman (1988) , Soderblom et al. (1990) , Thorburn et al. (1993) , Barrado y Navascués & Stauffer (1996) . We have to point out that in some cases, these databases only provide the (B-V) or (V-I) k color indices, whereas our M35 sample was observed in the V,I c filters. In general, we look for additional data in these last two bands, losing some stars which do not have this type of data. In some cases, we only could find data in the Kron system, instead the Cousins system. Then, the (V-I) k color was transformed into (V-I) c color using Bessell & Weis (1987) transformation. However, for other comparisons, we preferred to keep all the original sample (such as in some comparisons between M35 and the Pleiades). In this case, we converted those (B-V) Pleiades values into (V-I) c colors using an average relation between these colors which was computed using Pleiades stars observed in both colors. This transformation introduces a bias, due to the inhomogeneous reddening for some Pleiades stars (Soderblom 1993b) . We emphasize that all the data for these seven clusters were treated in an homogeneous way (for instance, the derived lithium abundances).
Analysis

Radial velocities and membership
Our spectral resolution (R∼20,000) allows us to compute radial velocities to an accuracy of ∼1 km/s. This was achieved by measuring the positions of strong lines (from iron and calcium) on the spectra and deriving the shifts respect their rest wavelengths. We also performed cross-correlation against M35 candidate members. HYDRA is a bench spectrograph and, therefore, the wavelength calibration is very precise (that is, it always yields the same value). In any case, even if there is any shift having other origin than the relative velocity of the M35 candidates and Earth, this unlikely shift should be the same for all stars in our sample, since a particular exposure for a star was obtained simultaneous to the rest of candidates. Since we have several exposures which were taken during two consecutive nights, we have measured radial velocities in each of them. Therefore, we have 11 data-points for each M35 candidate member.
Based on the radial velocity information, we have classified our M35 candidate members in three different categories:
• Probable members, single stars. These stars do not present variability on the radial velocity (at least in the time scale of our series of observations, two days) and the measured values are well within the average radial velocity of the cluster (<RV> M35 =-8.0±1.5 km/s). There are 39 objects in this group. Average radial velocities and dispersions are listed in column #2 of Table 2 for these stars.
• Possible members, spectroscopic binaries. This group includes all the candidates with variable radial velocity. Some of them show lines arising from both components of the system. Since we have obtained only a handful of spectra per star, we are not able to estimate the radial velocity of the baricenter and, therefore, to determine their membership status. There are 13 objects in this category, including 3 SB2 binaries
• Probable non-member. Those stars whose radial velocity is constant and different to the cluster average have been classified as non-members based on this criterion. Moreover, the majority of these stars have a remarkable weak Li I 6708Å doublet. Most field stars are likely to be older than the very young M35, and are thus likely to have depleted their Li, consistent with our findings.
Note that we only have used lithium as a membership criterion to confirm the classification as a non-member of stars falling in this group. Figure 1 depicts all the stars in our sample, probable members, possible SB members and non-members, as solid circles, empty circles and crosses, respectively. Since our goal is to study the proper-ties of dG-dK members of the M35 cluster (rotational velocities, metallicity, activity and lithium abundances), we do not consider further the nonmember. See Barrado y Navascúes et al. (2000a) for more information about them. We defer the discussion about the possible binaries of M35 to a forthcoming paper, which will analyze the lithium abundance and photometric properties of the components in the same fashion as Barrado y Navascués & Stauffer (1996) and Barrado y Navascués et al. (1997b) , where we presented an exhaustive and comprehensive analysis of long period and tidally locked binaries belonging to the Hyades and M67 open clusters. For the special role that short period binaries play in testing models of lithium depletion caused by rotationally induced mixing, see discussion in Deliyannis (1990) ; for related discoveries of high-Li short binaries, see, a) in the Hyades (Thorburn et al. 1993) , b) in M67 (Deliyannis et al. 1994) , and c) in the field and metal-poor stars (Ryan and Deliyannis 1995) . For a general description from the phenomenological point of view of the role of binarity on the lithium depletion phenomenon, see Barrado y Navascués (1998).
Rotational velocities
Rotational velocities were derived by crosscorrelation technique. First, we selected one spectrum with very narrow lines, and spinned it up using rotational broadening functions with rotational velocities from 10 km/s to 90 km/s, with increments of 10 km/s. These artificially broadened spectra were cross-correlated with the candidate members, using the spectral range 6600-6730Å. The v sini values are listed in the last column of Table 2 .
Figure 3a depicts our measured rotational velocity against the dereddened (V-I) c color index for all the probable members of M35. Solid circles represent actual measurements, whereas solid triangles correspond to upper limits. As a comparison, we have included data from the Pleiades, which were selected from Soderblom et al. (1993a) . This sample appears as crosses in the figure. Despite of its youth, M35 lacks rapid rotators in this color range. Only a handful of the warmer stars in the sample have projected rotational velocities well above the detection limit. Their velocity ranges between 20 and 30 km/s.
Only one star in the cooler end (M35-5376) has a high rotational velocity. (In fact, the largest among our sample of probable members of the cluster.) However, stars belonging to the Pleiades open cluster show a very different pattern in their distribution of rotational velocities. A significant amount of them have values larger than 50 km/s, even reaching 130-140 km/s in two cases. Since M35 and the Pleiades have, allegedly, the same age, this situation defies, till certain extent, our understanding of the age-rotation connection. It should be taken into account that the Pleiades (V-I) c values where derived from (B-V) colors. To avoid any possible bias introduced by this process, we have re-plotted the data in Figure 3b using measured (V-I) k colors for Pleiades stars and transforming them into (V-I) c . Some of these stars have disappeared from scene, due to the lack of adequate photometry. More important, some of these Pleiades stars have been shifted red-wards, and they lie now on top of the M35 cool rapid rotator. The lack of concordance between (B-V) and (V-I) photometry has been noticed by King, Krishnamurthi & Pinsonneault (2000) , who pointed out that it could be due to errors in one passband or to increased red flux from stellar spots. In fact, they found, in their words "... strong evidence that our Teff values ... are affected by activity level." But the conclusion still holds, the Pleiades has a significant amount of fast rotators which are not present in M35. Other parameters might be working, such as a difference in metallicity (see next subsection) and/or a different initial angular momentum distribution (it would have been more uniform in M35). An additional piece of information can be extracted from the comparison between M35 and NGC2516 data, shown in Figure 3c . The similitude of both distributions is remarkable, an understandable phenomenon if, as pointed out by Sung & Bessel (1999) , M35 is 200 +200 −100 Myr, and therefore closer in age to NGC2516 than to the Pleiades.
The metallicity of M35
The lithium depletion depends, among other parameters, on age, rotation and metallicity (see recent reviews by Balachandran 1995; Pinsonneault 1997; Martín 2000) . Therefore, in order to interpret correctly our observations, we have to take into account the metal content, specially if we intend to infer conclusions by comparison with other clusters. To our knowledge, there is no previous spectroscopic study of the metallicity of this cluster. Sung & Bessell (1999) , based on photometric data (UBVI filters), estimated [Fe/H] M35 =-0.3. Gratton (2000) , using DDO photometry, estimated [Fe/H] M35 =-0.28. We have obtained an independent estimate of the M35 metallicity based on spectral synthesis. We have used the MOOG spectral synthesis program (Sneden 1973) and Kurucz (1992) model atmospheres. In all cases, we used a gravity of log g=4.5. The gf-values were derived by Balachandran (private communication), via spectral synthesis of solar equivalent widths (Kurucz et al. 1984 ). We applied these data to a subsample of our bona fide M35 single probable members. This group includes the 9 brightestwarmest stars, with the highest S/N. The spectrum of some of these stars can be found in Figure  2 .
We measured the equivalent widths of several iron lines present in the observed spectral range (about 10 per star, see Table 3 ). We acknowledge that the number of lines is small, due to the short free spectral range, and all of them belong to the ion Fe I. These facts introduce uncertainties in the final estimate. The [Fe/H] value was derived in two different ways: (i) We used the effective temperature evaluated from the photometry (temperature scale from Bessel 1979, with values derived from (V-I) c , listed in Table 1) . A model atmosphere with this temperature was introduced in MOOG as input in order to derive the iron abundance for each line. We list the average value in columns #2 and #3 of Figure 4 shows both sets of results (data derived using spectroscopic and photometric temperatures appear as solid and empty circles).
The average values in both cases are very similar, within the uncertainties. We have adopted a metallicity for the M35 cluster of [Fe/H] M35 =-0.21±0.10 dex, corresponding to the average value of our individual metallicities. In order to compare with the Pleiades open cluster, we proceeded in the same way with several Pleiades members of the same color range (spectra kindly provided by D. Soderblom). In this case, the result is [Fe/H] Pleiades =+0.01 dex. This value can be compared with those results for the Pleiades by Cayrel, Cayrel de Strobel, & Campbel (1988) , +0.13 dex; Boesgaard & Friel (1990) , -0.034±0.024 dex; Gratton (2000) , -0.03±0.06 dex; and , +0.06±0.06 dex. Figure 4 also shows our two average metallicities for M35 and the Pleiades (solid and dashed lines, respectively). We conclude that M35 is slightly metal-poor compared with the Pleiades.
The Age of M35
Vidal (1973) estimated, based on the turn-off of the Pleiades and M35 massive stars, that both clusters have the same age. However, this comparison was made using photographic data. Deep, accurate CCD photometry for M35 has not been available until very recently Sung & Bessel 1999; von Hippel at al. 2000; Barrado y Navascués et al. 2000a ). This wealth of new data allows an accurate age determination. Sung & Bessell (1999) , using isochrone fitting in multiple color-magnitude diagrams, have derived an age of 200 +200 −100 Myr, significantly older than the Pleiades standard age of 80 Myr. The isochrone fittings of the red giant probable member and the two red giants possible members give 125 and 200 Myr, respectively. The same qualitative results have been obtained by von Hippel et al. (2000) fitting the MS of the cluster. Moreover, Sarrazine et al. (2000) have estimated, using several color-magnitude and color-color diagrams in the UBVRI bands, that the age is 160±40 Myr. As comparison, they applied the same technique to the Pleiades and derived a turn-off age of 80±20 Myr. Mysore (1999) analyzed a sequence of M35 V band images, identified a set of probable M35 members, and searched for photometric variability due to starspots among the G and K dwarf cluster members. Despite being sensitive to variability sufficient to easily identify stars like the rapidly rotating K dwarfs in the Pleiades (which have typical light curve amplitudes in V of about 0.1 mag), she found no certain M35 variables. She concluded from this that M35 is likely to be significantly older than the Pleiades.
These age ranges fully agree with our own find-ings concerning the distribution of rotational velocities and, as we will see, the lithium depletion. Therefore, we will assume that M35 is a 175 Myr old cluster, the average age of the three M35 red giants.
3.5. Lithium abundances 3.5.1. The lithium equivalent widths
We have measured the lithium Li I 6707.8Å equivalent widths -W(Li I)-for all our M35 candidates. Due to our spectral resolution, the high lithium abundances and the rotation velocities, the lithium feature is blended with Fe I 6707.4Å. Therefore, we removed this small contribution using an empirical relation between color and W(Fe I) derived by Soderblom et al. (1993a) . We list the blended and deblended equivalent widths W(Li+Fe) and W(Li) in columns #3 and #4 of Table 2 . Before analyzing the pattern of lithium depletion in M35, let's examine first how the lithium equivalent widths depend on the color, dependence depicted in Figure 5 . Solid circles and crosses represent M35 probable members and Pleiades data from Soderblom et al. (1993a) , respectively. The (V-I) c color indices used in panel a were derived from (B-V), whereas those shown in panel b come from (V-I) k values (see section 2.2). It is easy to appreciate the scatter present in the Pleiades data. For a discussion about the origin of this spread, see Soderblom et al. (1993a) , King, Krishnamurthi & Pinsonneault (2000) , Barrado y Navascués et al. (2000b) , and Section 3.5.3. This scatter is more conspicuous for stars redder than (V-I) c,0 =0.8. On the other hand, M35 stars in the range 0.6<(V-I) c,0 <1.0 have, within the errors, a tighter relation between W(Li I) and the color index. However, as it happens in Pleiades stars, there is an important scatter for cooler M35 stars. Moreover, on average, M35 stars show a smaller lithium equivalent widths for a given color, when compared with the Pleiades. If both clusters have the same age, this situation is difficult to understand (this also was the case of rotational velocities, with Pleiades stars rotating faster than equivalent M35 stars). Why do M35 stars have smaller W(Li I) than their Pleiades counterparts? Why is the relation better defined in M35? What is the origin of the scatter around (V-I) c,0 ∼1.2? In the next subsections we will try to shed some light over these problems.
The Teff-A(Li) plane
We have derived lithium abundances for all stars discussed here using the curves of growth computed by Soderblom et al. (1993a) Table 2 . In the first case, the temperature was computed using our values of (V-I) c (Barrado y Navascués et al. 2000a), whereas in the second case we used the color indices selected from Sung & Bessell (1999) . These two sets of effective temperatures and the lithium equivalent widths were used to derived the lithium abundances listed in columns #7 and #9 of the same table. As can be seen, there is not relevant differences in both cases. (i.e., the scatter introduced on the final lithium abundances by differences in the photometry of individual M35 stars is quite small.) From now on, we will used the effective temperatures and lithium abundances derived with our photometry. Errors in the computed abundances were estimated taking into account the uncertainties in effective temperatures and lithium equivalent widths.
Figures 6a and 6b are like Figures 5a and 5b, but in this case we depict the abundance -in the customary scale where A(Li)=12+log(Li/H)-against the effective temperature. Note that the temperatures corresponding to Pleiades stars which are shown in Figure 6a come directly from Table 1 of Soderblom et al. (1993a) and, therefore, they were computed from (B-V) colors. There are three features in these figures which are worth discussing:
1.-Independently of the origin of the Pleiades temperatures, it seems clear that, for a given spectral type, M35 stars have depleted more lithium than similar Pleiades stars. This phenomenon is more conspicuous in the range 6000-5500 K, where the Pleiades show abundances close to the cosmic value -A(Li) cosmic =3.2, Rebolo (1989) , Anders & Grevesse (1989) ; Martín et al. (1994) -, whereas M35 members have abundances below A(Li)=3.0 dex. If indeed the Pleiades and M35 have the same age, this situation arises some concerns on our understanding of the processes taking place during the lithium depletion in pre-MS stars and its relation with age. The distribution of rotational velocities is similar for both clusters in this temperature range, and a rotational effect cannot be responsible of the differences in lithium abundances. The difference in metallicity cannot also be called upon as the main actor, since the difference is small and it would act in the opposite direction: the bottom of the convective envelope would be closer to the surface in the case of M35, making more difficult the lithium depletion.
2.-Pleiades stars in the range 5300-5000 K have a very relevant lithium spread, related to rotation and activity (Butler et al. 1987; Soderblom et al. 1993a; García López, Rebolo, & Martín 1994) , larger than 1 dex. This scatter does not appear in the case of M35 members. However, this situation does not prove the lack of connection between lithium depletion and rotation/activity, since these M35 members are very slow rotators. That is, there is no slow rotator with high abundance and vice versa, a fact which either would contradict the relation between lithium depletion and rotation, or would indicate that the rotational history is playing an important role (in opposition to a sharp connection rotation-lithium for a given age). See section 3.5.3 for an additional discussion about the lithium spread.
3.-Stars at lower temperature (Teff∼4500 K) do show a large spread (∆Li>1.0 dex). The spread is quite apparent if the spectra of these stars are compared (see Figure 7a ,b). This spread is marginally related to rotation, but unfortunately our sample only contains one cool fast rotator and it is safer not to derive any conclusion at the present stage. Only additional data can establish the origin of this spread and its relation with rotation and activity.
There are four M35 probable members with only upper limits to their lithium abundances. Three of them are quiet cool, and their low abundances, below A(Li)=0 dex, can be explained by the dependence of the lithium depletion on mass, as happens in slightly cooler Pleiades stars. However, one among these stars, #5190, is warmer and its behavior clearly departs from that characteristic of similar M35 members at the same temperature. This is probably an indication of non-membership. However, since we only used radial velocities as membership criterion, we have left this star in our sample of members of the M35 cluster.
The connection lithium-rotation-activity
During the last decade, much has been discussed about the nature of the lithium abundance spread in Pleiades early K dwarfs. From the observational point of view, there are several pieces of evidence which support the fact that the derived abundances are real, the spread is real, and it is connected with the stellar rotation rate. Butler et al. (1987) were the first to notice the spread and it relation with rotation, followed by García López et al. (1991a,b) . Soderblom et al. (1993a) carried out a systematic analysis of the lithium spread and its relation with rotation and activity, using different indicators such as Hα and the Ca II infrared triplet. They also considered the possible effect of stellar spots on the apparent lithium equivalent widths and the derived abundances, concluding that the spread was real, and that for a given color, those stars rotating faster had the largest lithium abundances and chromospheric activity. Jones et al. (1996) provided additional data, including cooler K spectral type stars. They confirmed the spread for early K and the break down of the relation for the fainter objects, noticed by García López et al. (1994) .
However, other studies, either from the observational or the theoretical point of views, have challenged these results and their interpretation. Houdebine & Doyle (1995) computed a grid of model atmospheres for M dwarfs in non local thermodynamical equilibrium, showing that very high chromospheric activity levels could modify the strength of Li I 6708Å. Russell (1996) found that derived abundances for several Pleiades stars using Li I 6103Å are different than those computed with Li I 6708Å. The lithium spread disappeared with the former abundances. He interpreted the situation as an indication of the effect of chromospheric activity on the Li I line, in agreement with the results of Houdebine & Doyle (1995) , although Martín (1997) has pointed out the difficulty of deriving abundances using Li I 6103Å due to the presence of much stronger nearby lines and Stuik et al. (1997) affirmed that Li I 6708Å and K I 7699Å are not very sensitive to the presence of a chromosphere. They argued that the potassium feature can be used as a proxy to understand the formation of the lithium line without the effect of the abundance spread. Note that the K I 7699Å equivalent width does not depend on age, since potassium is not depleted in the stellar interior, in opposition to what happens to lithium. However, they could not establish if the magnetic activity can affect the K I 7699Å in Pleiades stars. In the same line, Jeffries (1999) , by monitoring several Pleiades stars, concluded that it is still unsafe to attribute the spread to real abundance differences, and King, Krishnamurthi & Pinsonneault (2000) presented some additional evidences that the Pleiades lithium dispersion is partially due to stellar atmosphere effect. Moreover, they found a strong correlation between stellar activity and lithium abundances (see also FernandezFigueroa et al. 1993) , but the relation between rotation and lithium abundance is not one-to-one, making unlikely that the reason of the lithium spread is rotation per se. Our own simulations (Barrado y Navascués et al. 2000b) indicate that stellar inhomogeneities (spots and active regions) could, indeed, introduce part of the lithium scatter, due to the combined effect of the inhomogeneities on the observed color (a star would appear to be cooler and less massive that it really is) and the equivalent widths (the observed lithium equivalent widths) would be increased in a significant amount, an effect noticed by Giampapa (1984) . As shown by Barrado y Navascués et al. (2000b) , the presence on the surface of stellar inhomogeneities can change in a significant way the observed colors and lithium equivalent widths, if the activity rates are very high (and, with them, the filling factor or stellar spots and active regions). Doppler imaging of active Pleiades stars shows that they are, indeed, covered with huge polar spots (Stout-Batalha & Vogt 1999) of presumably long life span. The observed relation between lithium and rotation could be due, to some extent, to the link between rotation and activity. This situation does not mean that there are not genuine differences in the lithium abundances for stars of the same age and masses, and that these differences are related to the rotation and the rotational history of the star, as proposed by Deliyannis (1990), Deliyannis et al. (1990) and Pinsonneault, Deliyannis & Demarque (1991 , 1992a . In fact, Barrado y Navascués et al. (2000b) have shown that under realistic conditions (when the filling factor of spots is less than 0.30), only part of the lithium spread can be attributed to surface inhomogeneities. Moreover, it has been shown that tidally locked binary systems (TLBS) in the Hyades and M67 have larger abundances than similar non-TLBS or single stars (Thorburn et al. 1993; Deliyannis et al. 1994; Ryan & Deliyannis 1995; Barrado y Navascués & Stauffer 1986; Barrado y Navascués et al. 1997b) . Since most of the rotational periods of these Hyades and M67 TLBS are larger than any Pleiades star, the activity and the spot filling factor can not be invoked to explain these differences in abundances, which seem to be real. The same situation holds for chromospherically active binaries of different ages and evolutionary stages (Fernandez-Figueroa et al. 1993; Barrado y Navascués 1996 Barrado y Navascués et al. 1994 , 1997a ). Therefore, the real lithium abundance differences due to rotation per se would be smaller than the values normally accepted. In this scenario, Pleiades rapid rotators would lose most of their angular momentum before they reach the M35 age, reducing their stellar activity. Therefore, the filling factor of stellar inhomogeneities would be reduced considerably, and the observed photometry and equivalent width of the star would be modify accordingly (the star would be moved blue-ward in the color magnitude diagram and Teff-lithium plane, due to the lack of cool spots). At this point, most of the lithium scatter would have disappeared. The remaining spread would be due to the real effect of rotation on the lithium depletion. Figure 6 shows clearly that M35, an open clus-ter significantly older than the Pleiades (Section 3.4), does not have a large scatter for early K stars. If the observed Pleiades scatter is due to real abundance differences and the Pleiades cluster represents the situation of M35 when it was 70-100 Myr old, it should be explained how the lithium spread has disappeared in these tens of million years. That is, all Pleiades stars for a given mass will have to deplete their lithium in a specific amount (more for those with the larger abundance) so they will end up with the same abundance once they reach M35 age (175 Myr). There are two possible scenarios which can account for this situation: (i) If we assume that the differences in the lithium abundances for a given temperatures are no real, that they are an artifact of the chromospheric activity and the presence of inhomogeneities on the stellar surface, as explained above, then we would be comparing stars with the same observed effective temperature, but different masses. The most active star, being also the one with the larger apparent abundance, would be, in fact, more massive. Moreover, the observed lithium equivalent width would not correspond to real one, due to the change of the apparent lithium equivalent width. Unfortunately, no model has been able to quantify properly these effects, in order to remove them and derive real abundances for the Pleiades stars.
(ii) An alternative would be the combination of metallicity and the distribution of rotational velocities. As we have shown, M35 has a distribution of rotational velocities much tighter than the Pleiades. It metallicity is also smaller. If we assume that the distribution of initial angular momentum is tighter in metal-poor stars, the Yale models (Pinsonneault et al. 1990 (Pinsonneault et al. , 1992 would predict a tight dependency of lithium on temperature for M35, compare with the Pleiades. In any case, the high quality M35 data presented here, together with the rotational velocities and the tight relation between lithium abundance and temperature, makes this young open cluster an ideal laboratory to test theoretical models proposed to explain the lithium depletion in late spectral type stars.
Lithium depletion and age
Figures 8a-f contain several comparisons between M35 probable members and stars belonging to open clusters of different ages. Namely, the Pleiades, NGC2516, M34, NGC6475, UMaG and the Hyades; with ages 80, 150, 200, 220, 300 and 800 Myr, respectively. Note that other age values can be found in the literature. For the origin of the data and the way they were homogenized, see section 2.2. Temperatures and lithium abundances were derived in the same fashion for all databases. As pointed out by a number of studies (e.g. Balachandran 1995 , Pinsonneault 1997 Martín 2000; Jeffries 2000; Deliyannis 2000, and references therein) , open clusters of different ages show a characteristic pattern of lithium depletion: the older the age, the smaller the abundance for a given mass. In the particular case of these seven clusters, it is clear that Hyades stars have depleted their lithium in a much larger amount than M35, whereas Pleiades stars (specifically, those of early G spectral type) have kept most of their original content, when M35 stars have already destroy part of it. NGC2516 data is more sparse, but the data seem to indicate that the distribution of lithium abundances of NGC2516 and M35 stars are alike. Note, however, that NGC2516 shows a spread in the abundances in the Teff range 6000-5000 K not present in the case of M35. Figure 8c seems to indicate that M34 members could have depleted more lithium, on average, than M35 counterpart. However, the lithium spread is quiet large in the case of M34 stars. Since the metallicities of both cluster quite similar, this situation can be interpreted as a sign that M35 is slightly younger than M34 (i.e., younger than 200 Myr). The comparison of the distribution of lithium abundances with clusters in this age range, such as NGC6475, yields similar results: abundances are distributed in similar way, but in this last case, as happens in M35, there is no spread, the relation lithium abundance and effective temperature is quite tight. Again, average abundances of NGC6475 are lower than those characteristic of M35, for a given age. Abundances of UMaG members are more depleted compared with M35 and Hyades members have abundances at least 1.5 dex lower than M35 members.
If we accept that, indeed, M35 is significantly older than the Pleiades, these results fit in the picture, and it is reasonable to assume that the main parameter involved in the lithium depletion is still age (for a given stellar mass). Metallicity, at least in this range of values, is a second order effect. In fact, rotation per se could play a secondary role also in the lithium depletion phenomenon. It is remarkable the fact that between 80 Myr (the Pleiades age) and 175 Myr (our adopted age for the cluster, see section 3.4), the differences between rotation rates for a given mass have disappear and, with them, the lithium abundances have come to the same value (assuming that the Pleiades represents the M35 stage at 80 Myr). We interpret the phenomenon from another perspective. We believe that the Pleiades, in truth, represents the characteristic properties of stars of its age, there is nothing abnormal about the cluster to lead us to think otherwise. However, the differences in abundances for a given mass, the scatter related with rotation/activity might be due to the activity per se, at least partially (see the discussion in Section 3.5.3). Therefore, the pattern of lithium depletion in M35 seems to confirm the assumed age of the cluster (∼175 Myr) and the effect of rotation and stellar activity on the apparent lithium abundance.
Summary and conclusions
We have collected multi-fiber, high resolution spectroscopy of 76 candidate members of the young cluster M35. Our spectra have moderate to high signal-to-noise rations (S/N∼40-160), a remarkable feat for stars located at (m-M)=10.4. We have measured radial velocities and using these values as membership criterion, we have cataloged 39 stars out of the original 76 as probable members of the cluster. Another 13 stars are spectroscopic binaries and part of them could be members of the cluster. We also have measured rotational velocities via cross-correlation. The comparison between the the rotation pattern of members of M35 and the Pleiades indicates that, indeed, M35 is somewhat older, about 175 Myr, since it lacks fast rotators. Our high quality M35 spectra have been used to derive the metallicity of the brighter and warmer members of the cluster. The result yields [Fe/H] M35 =-0.21±0.10, lower than the Pleiades metal content, [Fe/H]=+0.01. Subsequently, we have derived lithium abundances of the M35 members, and compared these values with members of other nearby clusters of different ages and metallicities. We conclude that at the age of M35, most of the lithium spread observed in Pleiades stars is not longer present. We have interpreted this fact, at least partially, as an effect of the photospheric spots on the apparent lithium abundance of Pleiades stars. Stellar rotation could also play some role. The data presented in this study are perfectly suited to be used as a validity check of theoretical models involving the lithium depletion. DBN thanks the "Instituto de Astrofísica de Canarias" and "Ministerio de Educación y Cultura" (Spain), and the "Deutsche Forschungsgemeinschaft" (Germany) for their fellowships. CPD gratefully acknowledges support for this work from the National Science foundation under Grant AST-9812735. JRS acknowledges support from NASA Grant NAGW-2698 and 3690. This work has been partially suported by Spanish "Plan Nacional del Espacio", under grant ESP98-1339-CO2. We appreciate the very useful comments and suggestions by the referee, R.J. García López. This 2-column preprint was prepared with the AAS L A T E X macros v5.0. Cuffey (1938) for the first 778 stars in the WEBDA database. MEM = Probable Member; NM = Probable non-member; SB = Spectroscopic binary, possible member.
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